Rare-earth-element(REE)-bearing silicate minerals are copious. Even when concentrating on the element La alone, the mineralogical listings yield some fifty entries. However, in most of these, manganese is but a minor component relative to major elements like Fe, Mg, Al, Na, Ca and Ti. Only the recently found new epidote-group mineral androsite-(La) is an exception, in which considerable amounts of Mn are linked with REE and Si, but also with Ca and Al (Bonazzi et al., 1996) . Here we describe a new REE silicate mineral, in which manganese is by far the dominant cation ranging before Si, Fe and the REE, while Al and Ca remain low or very low. Among the REE, surprisingly only La and Nd appear as major elements.
RE element other than La, the suffix "-(La)" is required based on CNMMN rules (Nickel & Grice, 1998) .
Occurrence
Stavelotite-(La) was found in the same hand specimen (Cor 8, now renumbered as 25169) of a quartz vein, which had already yielded the crystals of end-member ferrian kanonaite recently described by Schreyer et al. (2004) . Its locality Le Coreux, about 1 km north of Salmchâteau along the western flanks of the Salm river valley, is a well-known occurrence of manganese minerals. It lies in the southeastern portion of the Stavelot Massif, which represents a Caledonian basement inlier near the northwestern border of the Hercynian Rhenish Massif. The outcrop occurs in the "Les Plattes" Member, a lithostratigraphic unit recently proposed by Verniers et al. (2001) , and formerly called Middle Salmian or Sm2b. This unit is part of the Ottré Formation, belonging to the Salm Group of Ordovician age. For details of the geological development as well as the crystallization history within the quartz vein, we refer to the paper by Schreyer et al. (2004) .
The quartz vein sample 25169, about 8 cm in diameter, was collected as a loose boulder in the talus slope of the Le Coreux outcrop, where in steep cliffs deep-purple, highly oxidized phyllites with numerous manganese minerals are exposed. Summaries were presented by Corin (1968) , Fransolet et al. (1977) , Kramm (1982) and Schreyer et al. (2001) . Macroscopically, the sample consists mainly of milky to colourless quartz with interspersed dark grey to black, irregularly shaped roundish patches in the centimeter range, as well as occasional millimeter-sized yellowish crystals of albite.
Under the petrographic microscope, the dark patches turn out to be complex aggregates of various opaque minerals intergrown with or included in quartz. Even in transmitted light, hollandite-strontiomelane may be recognized by virtue of its needle-like to long prismatic morphology (see Fig. 1 in Schreyer et al., 2001) . Blocky, stout, opaque crystals can either be braunite, kanonaite, hematite, Mn-oxides, or even the new mineral stavelotite-(La). Upon closer inspection, kanonaite can occasionally be distinguished from the others by thin transparent peripheries showing dark green to coffee-brown pleochroism (Schreyer et al., 2004) . Although stavelotite-(La) can be recognized in reflected light by its relatively low reflectance (see later), it was discovered as a special phase only during careful electron microprobe work aimed at locating the most Mn-rich kanonaites (Schreyer et al., 2004) . This required a multitude of semiquantitative energy dispersive (EDS) reconnaissance analyses on opaque crystals, some of which showed unusually low Si and -most importantly -the lines of La in the spectrum. They turned out to be the of new mineral. Altogether, stavelotite-(La) is but a minor accessory mineral within the quartz vein sample.
In the present paper, we concentrate on one area in thin section Cor 8-2 prepared from sample 25169, where several stavelotite-(La) crystals occur, together with other opaques, along the border of a grain of albite against the surrounding quartz. There, stavelotite-(La) is in association with hematite, braunite, kanonaite, Mn-oxides, quartz, albite and muscovite (partly sericitic). The reflected-light photograph of Fig. 1 shows most of these minerals as well as the characteristic low reflectance of stavelotite-(La), which is only slightly higher than that of kanonaite.
Physical properties
Stavelotite-(La) is megascopically black with a metallic lustre and generally opaque. However, in rare cases of very thin cross sections, a dark reddish brown colour was observed in transmitted light, which is probably identical to the indeterminate color of the streak. The new mineral appears as roundish to rectangular, generally equidimensional masses with diameters ranging from about 10 to 160 µm ( Fig. 1 and Fig. 2 ). These masses are either anhedral single crystals or, more often, consist of two or more untwinned individual crystals with different orientations, a feature only recognizable in reflected light under oil immersion by virtue of slightly different reflectances ( Fig. 2) and colours. No cleavage or fracturing was observed. Hardness was not determined.
Reflectance curves were determined using a noncommercial automatic spectral microscope reflectometer built at the Ruhr-Universität Bochum. 16 homogeneous interference filters with peak wavelengths between 400 and 700 nm in steps of 20 nm, situated on a wheel are inserted sequentially into the lightpath of a Leitz Orthoplan microscope. First the reflected light intensities for each wavelength are measured on sample and standard using a photomultiplier tube. Then the reflectance and colour values are computed. Results and measuring conditions are summarized in Table 1 . In reflected light, stavelotite-(La) is of grey color (dark-grey in oil) and shows very weak to weak bireflectance and very weak pleochroism (only visible in oil). Under crossed polars, it shows very weak anisotropism without colour effects, and complete extinction. Internal reflections are very rare and hardly visible in air, they are rare in oil, weak and brownish.
The density calculated from the structural and chemical data to follow later is 4.489 g/cm 3 . Applying the GladstoneDale relationship, stavelotite-(La) falls into the category "excellent" as defined by Mandarino (1981) . More details will be reported in the section on chemical composition.
Crystal structure
Because no mineral or other crystalline compound was found in the literature to contain similar proportions of the main elements Mn, Si, rare earths and oxygen, a determination of the structural properties of the stavelotite phase had the highest priority in order to understand and define the new phase. Therefore, a crystal of stavelotite-(La), about 100 by 100 by 30 µm in size, was drilled out from thin section Cor 8-2 by our colleague Olaf Medenbach at Bochum, and the structural results are reported first here.
The excavated single crystal of stavelotite-(La) selected for data collection was mounted on a Bruker PLATFORM three-circle goniometer equipped with SMART 1K CCD detector mounted at a crystal to detector distance of 5.4 cm. The data were collected using graphite monochromated MoKα X-radiation and frame widths of 0.3°in ω, with 60 s used to acquire each frame. More than a hemisphere of three-dimensional data were collected. Additional information regarding data collection and structure refinement is given in Table 2 . The data were reduced using the program SAINT (Bruker AXS, 1999) . A semi empirical absorptioncorrection based upon the intensities of equivalent reflections was applied (program XPREP (Bruker AXS, 1997) ) and the data were corrected for Lorentz, polarization, and background effects. The SHELXTL system of programs (Bruker AXS, 1998) Table 3 , and selected interatomic distances are summarized in Table 4 . Because only very few small crystals of stavelotite-(La) were found, so that no Gandolfi camera investigation was feasible, the X-ray powder pattern (Table  5 ) was calculated from the atomic coordinates for DebyeScherrer geometry and CuKα 1 X-radiation using the program LAZY PULVERIX (Yvon et al., 1977) . It is believed that such calculated powder pattern is far superior to a weak Gandolfi pattern as the result of insufficient material. Several problems became obvious before structure solution: (1) The structure exhibits strong pseudosymmetry Table 3 . Atomic coordinates, coordination, refined cation electron density (e/Å 3 ) and U iso of stavelotite-(La). For acentric structures, such as space group P3 1 , the SHELXTL program package calculates the so called Flack parameter indicating whether the absolute structure can be determined and whether twinning by the inversion operation must be assumed. In case of the investigated stavelotite-(La) crystal twinning was suggested; thus in the final refinement theTWIN option was activated converging at 0.46(7):0.54(7) twin portions. The densely packed structure can best be explained by dividing it into four polyhedral layers stacked parallel to c (Fig. 3) . Layer 1, centered by cations at z = 0.02 and z = 0.02 + 1/3 (Mn(10) to Cu (21) (Moore et al., 1991; Hoffmann et al., 1997) . In addition, one site Cu(21) has a planar square coordination with an average Cu(21)-O distance of 1.889 Å which is typical for Jahn-Teller active Cu 2+ (Burns & Hawthorne, 1995; Starova et al., 1998 where tetrahedral Si (yellow) occupies trigonal interstices. All tetrahedral apices have the same orientation. Layer 3 of REE 3 Si 6 composition is formed by grey cubes centered by REE connected in a pinwheel-like fashion by SiO 4 tetrahedra (yellow). 50 % of the tetrahedral apices are oriented up und 50 % are oriented down. Layer 4 is an inverted variety of layer 2.
average isotropic displacement parameters were refined in the present study we have no indication for such behaviour. Layer 2, centered by cations at z = 0.10 and z = 0.10 + 1/3 (Mn(22)-Mn(30), Si(10)-Si (12)) is composed of Mn octahedra and Si tetrahedra. The octahedra are more regular than those in layer 1 and exhibit in general a lower electron density than 25 e/Å 3 (Mn) indicative of a mixed occupancy by major Mn with additional Al, Sc, and Mg. In addition to Mn 3+ , tetravalent Mn necessary for charge balance may be disordered over such octahedra. SiO 4 tetrahedra in this layer are hosted at trigonal gaps formed by the arrangement of octahedra. All tetrahedra have the apex oriented in the same direction (upwards). Because there are three tetrahedra and nine octahedra in this layer it may be named T 3 M 9 layer. Layer 3 is formed by REE in eight-fold coordination (cubes) at z = 0.19 and z = 0.19 + 1/3 ((La(1)-La(3)) edge-connected by SiO 4 tetrahedra ((Si(1)-Si(6)) where three tetrahedra have the apex up and three the apex down. Layer 4 is similar to layer 2 but the tetrahedra are inverted (apex downwards). Layer 4, also of T 3 M 9 composition, is centered by Mn(1)-Mn(9) at z = 0.29 and z = 0.29 + 1/3 and Si(7)-Si(9). The electron density at all Mn sites within this layer is close to 25 e/Å 3 thus mainly Mn 3+ and Mn 4+ must be assigned. If we consider layer 3 as central layer, layers 2 and 4 are attached above and below in a way that units of Si 2 O 7 (disilicate) are formed. Two topological types of Si 2 O 7 entities exist: those (4 ×) where the upper and lower tetrahedral base match each other and those (2 ×) where the triangular bases are rotated 60°against each other. All disilicate groups have rather stretched Si-O-Si angles between 173 and 177°. The O sites linking two tetrahedra are on general positions and are not bonded to other cations. It is assumed that the unusual Si-O-Si angles are a consequence of the dense arrangement of anions and cations in the stavelotite structure.
A qualitative check of oxygen bond-strengths indicates that all O sites have bond-strengths values close to 2, so that hydroxylation in stavelotite-(La) seems unlikely. Moreover, all O sites within the structure, which are not coordinated to Si, have distorted tetrahedral coordination by cations. Thus there is not even space for potential hydroxylation. O sites linking two SiO 4 tetrahedra cannot be hydroxylated because of bond valence arguments. The same also holds for O sites forming one tetrahedral apex with additional bonds to Mn and La. Thus the stavelotite-(La) crystal structure clearly suggests it to be an anhydrous mineral.
If we consider 1 Cu pfu (planar four-fold coordinated site Cu(21)) as essential for the investigated stavelotite-(La), a simplified charge-balanced formula may be written as La 3+ 3 Mn 2+ 3 Cu 2+ (Mn 3+ 25 Mn 4+ ) Σ=26 (Si 2 O 7 ) 6 O 30 , Z = 3. Any Ca substituting for REE 3+ , and Mg, Co 2+ as well as excess Cu 2+ > 1.0 substituting for Mn 3+ increase Mn 4+ correspondingly.
Stavelotite-(La) belongs to a series of modular structures where single layers comprising different polyhedral arrangements are assembled to stacks (Fig. 4) . All of the layers found in stavelotite-(La) have been described before (though in a slightly modified way) for other structures.
Layer 1 has almost its exact counterpart in långbanite (Moore et al., 1991; Giuseppetti et al., 1991) and the same arrangement of octahedra also occurs in pyrochlore and the alunite-jarosite family. Layers 2 and 4 are also observed in långbanite (Moore et al., 1991) and are considered mitridatite-like. Layer 3, pinwheels linked to layers, is known as glaserite layer (for a review see Hawthorne et al., 2000) . In glaserite K 3 Na(SO 4 ) 2 the pinwheels are not centered by cubes arranged parallel (111) but by NaO 6 octahedra. Moore et al. (1991) derived the långbanite structure from closest packing of cations. This is only partly true for stavelotite (Fig. 5 ). There is a sequence of three closestpacked cation layers (ABC) interrupted by the glaserite-like layer. The glaserite-like cation layer also displays close packing of REE and Si. However, this packing is not commensurate with the packing of the two adjacent layers because the nearest cation-neighbour distance in the glaserite-like layer is ca. 3.9 Å whereas the corresponding distance in the adjacent layers is ca. 3.4 Å. Another description of the same observation is that layers 1, 2, and 4 are formed by 12 cations whereas layer 3 (glaserite-like) is only built by 9 cations.
Chemical composition and structural formula
Electron microprobe analyses on stavelotite-(La) were performed in the section Cor 8-2 using the CAMECA SX 50 instrument available at the Ruhr-Universität Bochum, with 20 kV acceleration voltage and 20 nA beam current. The beam was focussed to about 1 µm. Standards employed were synthetic spessartine (Mn-Kα), synthetic pyrope (Si-Kα, Al-Kα, Mg-Kα), synthetic andradite (Fe-Kα, Ca-Kα), synthetic rutile (Ti-Kα), synthetic cuprite (Cu-Kα), synthetic silicate glasses (La-Lα, Nd-Lα, Ce-Lα) and the following pure metals: Co (Kα) Sc (Kα). The analyses were corrected using the PAP procedure provided by CAMECA.
65 trustworthy analyses were performed in various portions of six distinct, partly polycrystalline masses of stavelotite-(La). These portions were chosen on account of their slightly different degrees of brightness in the BSE images of the irregularly zoned stavelotite crystals. Table 6 lists a selection of eight analyses, which includes most of the extreme element concentrations found in the crystals, arranged in the order of decreasing La contents. 13 cations were found in quantities that could be analyzed. Except for La and Nd, and in a few cases Mn, their concentrations do not vary widely. Most notable is the relative constancy of Si. The brighter areas in the BSE images turned out to be mainly due to slightly higher than average concentrations of Fe and Cu relative to the lighter element Mn. Surprizing is the appearance of the element scandium reaching as much as 4.21 wt.% Sc 2 O 3. Copper is, according to the structure determination, an essential element of stavelotite-(La). Its maximum concentration of 3.73 wt.%, however, exceeds the amount necessary to fill the one site in the stavelotite structure nearly by a factor of two. The "traditional" elements Mg, Al, Ca and Ti, and surprizingly also Co, occur only in relatively small or minor quantities, whereas Fe is the third common element sharing structural positions with Mn 3+ . Among the REE, only lanthanum and neodymium appear in major amounts, whereas cerium is always a minor element. La consistently dominates Nd, but in quite variable proportions, while the sum of the two is rather constant near 11-12 wt.% La 2 O 3 +Nd 2 O 3 . On an atomic basis, the La/Nd ratios vary between 1.3 and 5.2.
Somewhat disturbing are the low analytical totals near 97 wt%, which are hard to explain, because no other elements with atomic numbers greater than 6 could be detected. Higher valence states of Mn would raise the totals. Possibly, there are additional REE in concentrations too low to be detected individually, but their sums might count. There are no structural indications for hydroxylation (see previous section) nor for the presence of any molecular water. The good agreement of stoichiometry derived from both structural and analytical data (see below) supports the validity of the results. Nearly complete occupancy of all 45 cation positions (Table 6 ) leaves hardly any space for the presence of light elements like Li,Be and B.
It can also be pointed out that our optical measurements are consistent with the chemical data. Owing to the reflectance measurements, a mean index of refraction has been calculated as n = 2.14 ± 0.01 (Table 1) . With the calculated density, a K p value can be deduced, according to the Gladstone-Dale relationship; this value is 0.254. By using the individual Gladstone-Dale constants, k i , revised by Mandarino (1981) , particularly the k i of Mn 2 O 3 ( = 0.301) and of Fe 2 O 3 ( = 0.315), the K c value of stavelotite-(La) becomes 0.246 when calculated with the mean chemical composition given in Table 6 . These K p and K c values yield a compatibility index of -0.032 which ranges in the category "excellent" following Mandarino (1981) .
The recalculations of cations per formula unit (pfu) in Table 6 is based on 72 oxygens and 45 cations. Iron is consid- Table 6 as follows:
1. La, Nd and Ce were allocated to the eight-coordinated cube positions of REE in structural layer 3 (Fig. 3) . Because their amounts are consistently below 3.0 pfu, Ca 2+ was assigned to enter these positions on account of its similar ionic radius. However, quite often Ca does not suffice to fill the position up to 3.0 pfu, in which case the relatively large Sc 3+ (in eightfold coordination) was allocated for the 
